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Abstract 
Taiwan EPA has promulgated Resource Recycling Act in 2002, which is formulated to conserve natural 
resources, reduce waste, promote recycling and reuse of materials, mitigate environmental loading, and build a 
society in which resources are used in a sustainable manner. [1] Since 1998, the recycling of waste large household 
appliances such as televisions, washing machines, refrigerators, and air conditioners, etc. has been implemented; 
waste electric fans and waste computer keyboards were also included in 2007. Although recycling in Taiwan 
initiated early, whether waste electrical and electronic equipment recycling is just the process of decomposition, 
recycling, incineration, and landfill, rather than extending the product lifespan, need further studies to confirm that. 
The Recycling Fund Management Board takes charge of the operation of recycling mechanism in 
Taiwan. The funds mostly paid by the businesses as the recycling, clearance and disposal fees. Such fees now are 
unified under the same products specifications. The existed system can’t provide products under the same 
specifications but with longer lifespan more preferential fees, which means that there is no incentive for the 
suppliers to improve the design of products. 
With Radio Frequency Identification (RFID) inserted in, the household appliances will not only have the 
basic information about the product, but also can keep track of the purchase and maintenance record, as well as the 
disposal date and location, during the use stage of that product. Such record provides information on the service 
life of the product, and the recycling fees paid by businesses could be returned relative to the lifetime to the 
consumers accordingly. The new mechanism incentives the suppliers to consider the product durability in design 
and manufacture stages that helps achieve the goal to make products decomposable, recyclable, and lifetime 
extended. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia 
Pacific Business Innovation and Technology Management Society (APBITM).” 
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1. Introduction 
In 2002, Taiwan EPA announced Resource Recycling Act, which is formulated to conserve natural 
resources, reduce waste, promote recycling and reuse of materials, mitigate environmental loading, and 
build a society in which resources are used in a sustainable manner. Since 1998, waste large household 
appliances such as televisions, washing machines, refrigerators, and air conditioners, etc. has been 
recycled; in 2007, waste electric fans and waste computer keyboards were also included. The recycling 
began early in Taiwan, but we wonder if that is the only destiny for waste household appliances. 
Although recyclables depots can do recycling for single material such as copper, iron, aluminum, and 
plastic, 100% reuse is still failed to achieve. For instance, the FRP case of washing machines and the 
PUR foam of refrigerators both have to be incinerated and landfilled; secondary waste like the 
decomposed PCB, compressors, motors, CRT glass, etc. need extra input of energy and resources. 
Recycling is the determined way for processing waste electrical and electronic equipment, yet whether 
there is a better law or mechanism to improve the route worth advanced studying. 
In addition, the inappropriate design of products will result in the negative feedback loop of 
producers, consumers, and environment/resource depletion, as Figure 1 shows. The shortened lifespan 
of products due to bad design, causing products retire early, heavier burden of processing waste for 
producers, more consumptions for consumers, and also more serious resource depletion. Under the 
circumstances that producers lack for corporate social responsibility (CSR), and consumers are 
unconscious of such problem as well, the vicious cycle would hardly end.  
Inappropriate design  
Consumers buy more products 
Product 
suppliers 
Short product 
lifetime 
More waste 
generated and 
resources 
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Fig. 1. Environmental negative feedback between consumers and suppliersa 
 
The product service life relates to users behavior, and also the quality of products. The average 
lifespan of washing machines in Japan is 10.1 years [2] while data from Taiwan EPA is 7.7 years in 
Taiwan, which indicates that both the product quality and users behavior here have room to improve. 
How to incentive producers and suppliers to enhance the durability of products in design stage so as to 
prolong the lifespan, which might meet the concept of sustainable development better than recycling 
waste, is the issue addressed here. 
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2. RFID Technology and Recycling Mechanism 
2.1. The Status Quo of RFID Technology 
Radio Frequency Identification (RFID) is an “untouched” Automatic. Identification Technology 
(AIT), using radio wave to automatically identify items. [3] By short-distance transmission and 
reception of radio wave, the information in electronic tag is recognized. This technology so far is 
widely applied in inventory management, food safety, transportation, medical field, and theft-proof 
purpose. The RFID system includes back-end Server, Reader, and Tag; the operation is shown in 
Figure 2 
 
 
 
 
 
 
 
 
Fig. 2. RFID operation mechanism [4] 
 
(1) Reader sends request to Tag, which inserted in the product, within the readable range for Reader. 
(2) After Tag receives the message from Reader, the information in Tag will be sent back to Reader. 
(3) Reader passes the information from Tag to Server. 
(4) Server searches for fitting Tag in database according to the information and sends it to Reader, 
and the information in Tag will show on the Reader monitor. 
(5) The revised context in Tag by Server will pass to Tag through Reader, and then the new record 
will be written in the chip. 
 
In the early period, since there was insufficient information platform for waste household appliances 
recycling mechanism, tracing the record of product repair, purchase, and disposal became hard to 
acquire. The U.S. has filed the patent of RFID inserted in household appliances [5]; the concept is to 
provide a unique code for each product with RFID chip. The patent focuses on the application of 
WEEE Directive, including the weight of product, recycling attribute, and so on. By the new 
technology of RFID, resource recycling inventory and classification will be more convenient and easy 
in the future. 
2.2. Future Recycling Operation Mechanism for Waste Electrical and Electronic Equipment in Taiwan 
The application of RFID in waste electrical and electronic recycling management is still in the initial 
stage around the world. Integrating producers, importers, dealers’, recycling locations, resource plants, 
etc. is essential. The Recycling Fund Management Board is suitable to be in charge of the control of 
Server. Figure 3 describes the position of recycling system combined with RFID in recycling 
management. The mission of RFID component is illustrated in the following. 
x RFID Tag: Inserted in products when manufactured; data in the chip consist of producers and 
importers, basic information on products, purchase, repair, and disposal, etc. 
x Reader: The locations for setting Reader includes selling spots such as hypermarkets, service 
centers in affiliated to household appliances industry, together with recycling spots like local 
cleaning squads and other recycling units. The purpose is to efficiently control the routes of 
recycled household appliances. 
x Server: Server set by the Recycling Fund Management Board is the convergence destination of 
information, effectively integrating the situations of recycled electrical and electronic equipment 
in use and disposal stages. [8] 
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Fig. 3. The combination of the recycling system and RFID function 
3. Methodology 
3.1. Improvement of Recycling Mechanism 
This study aims to combine the existed recycling fund management system in Taiwan and the RFID 
technology. In order to fulfill “real” sustainability, the lifetime of products needs to extend. An 
integrated system that can give incentives to manufacturers to design environmentally friendly products 
is required, with new technique obtaining information on waste under the present structure. 
The status quo of recycling fund management operation mechanism in Taiwan is displayed in Figure 
4. The suppliers have to hand in the recycling fund, which is taken over by the EPA Recycling Fund 
Management Board. The fund plays a role of the subsidy to recycling, cleaning, storage, etc. in the 
waste stage for products. However, there is no incentive to promote producers to design 
environmentally friendly, that is, easy to disassemble, recyclable, and prolonged lifespan products, for 
the use stage. 
 
 
 
 
 
 
 
Fig. 4. Process of the present recycling fund operation mechanism 
 
3.2. Lifetime Extension Program 
When producing and importing the electrical and electronic equipment, in addition to recycling 
management fund, the suppliers pay a deposit which will be returned to consumers as they recycle the 
waste, relative to the lifetime. The shorter the lifespan is, the higher environmental externality cost will 
be paid by the business. And thus, the suppliers are incentive to design products with extended lifespan 
for consumers. 
RFID chips equip the function of recording. The chips in waste products should be sensed when the 
products are handed over to cleaning institutes by consumers that the information about the service life 
and producers of the products is immediately shown. Therefore, RFID server system in Recycling Fund 
Management Board could compile statistics of the average lifetime of waste products for each brand. 
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According to the length of the service life, deposit paid by the businesses will be turned back 
proportionately to the consumers. 
The production of RFID chips needs a great deal of research development manpower and funds, 
which is beyond the field of environmental engineering. This study would like to plan a program for 
the cleaning fee and deposit return mechanism, and will display how the assumed policy will affect the 
lifetime of products and the waste stock of household appliances. Take refrigerators and washing 
machines in “Official Announcement of Fee Rates for Article and Container Recycling, Clearance, and 
Disposal” (2012) as examples, Table 1 provides the information about the deposit which should be 
handed in and returned in accordance with the ratio of the fee rates. 
 
Table 1. The assumed lifetime and proportionate returned deposit 
 
Waste Electrical and 
Electronic Equipmentġ
 
Cleaning  
Fee rates 
(NT$/ piece) 
Assumed Lifetime (year) & Relative Returned Deposit (NT$) 
 
1-2 years 
 
3-5 years 
 
6-9 years 
 
10-14 years 
 
≥ 15 years 
Television (over 25”) 371 51 127 228 354 379.5 
Refrigerator (below 25”) 404 85 212 381 593 635.5 
Washing machine 317 46 116 208 323 346.5 
Air conditioner 248 67 167 300 467 500 
4. Results and Discussions 
The program is suggested to be promoted through the government, which would take few years to 
show the effects, so here we set a sixty-year progress to see how this program works. Take the 
refrigerators as a case study; the result is presented to illustrate the effect of waste reduction in two 
perspectives: the incentive to design environmentally-friendly and the waste stock of electrical and 
electronic equipment. 
In reality, the operation in the market is sophisticated, for instance the different service lives of 
different products and the relationship between demand and supply, etc. Hence, three assumptions were 
made to manifest the effect of extending lifespan. (1)The lifetime of product is uniform distribution (2) 
The demand in the market keeps being 800 thousand per year (3) The original average lifespan is 8 
years which is extended to 12 years due to the incentive mechanism. After sixty years, the waste stock 
has a significant difference, as Figure 5 shows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The waste stock in 60 years with different product lifetime 
 
In response to the implementation of deposit return system, the suppliers are anticipated to raise the 
price of products, in order to balance the cost of deposit, interest, and the research and development 
expense of extending service lives. Due to the increased price, consumers would treasure the purchased 
products for economy’s sake. There will be a positive feedback loop among the suppliers, consumers, 
and environment. Also, in terms of internalization of external environment cost, the cost of carrying out 
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the mechanism could represent it more practically than merely the cleaning fee payment. The expected 
benefit, as Figure 6 shows. The dotted red line illustrates that for the same recycling fees being paid, 
the progressive returned deposit can incentive decreased waste stock to the minimum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. The progressive returned deposit incentives decreased waste stock 
 
5. Conclusion 
The positive feedback loop among suppliers, consumers, and environment results from the recycling 
fund mechanism is exhibited in Figure 7. The better the design of product is, the longer the lifetime is, 
and that the deposit will be returned more. Moreover, the extension of service life can have the effect 
of waste and resource reduction. In sum, natural resources depletion will be abated under this designed 
program, which can effectively elongate the lifespan, improve the resources overuse problem, and 
consequently decrease the waste stock of electrical and electronic equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 The environmental positive feedback loop of suppliers and consumers 
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